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Introduction
In 1995, 48 billion metric tons of fossil fuels, minerals, and biomass were extracted from nature. This number rose to 69 billion tons in 2008. 18 billion tons of materials were extracted solely in China, an increase of 129 per cent compared to 1995. Extracting and processing raw materials causes numerous environmental damages, including losses of biodiversity, acidification, and climate change (e.g. Dudka and Adriano, 1997) . The utilisation of materials is often interpreted as, at least, a proxy for human pressure on ecosystems (Fischer-Kowalski and Hüttler, 1998) .
Motivated by both environmental concerns and economic motives, policy makers have started to encourage a more e cient use of materials. The EU Commission has implemented a flagship initiative for a resource-e cient Europe as part of its Europe 2020 strategy (EU Commission, 2011) . The German Federal Government has set the doubling of material e ciency until 2020, relative to 1994, as a goal for the German sustainability strategy already in 2002 (Bundesregierung, 2002) .
A majority of policies focuses on the reduction of apparent consumption of materials.
This approach neglects the indirect flows that are needed to produce a good but which become unobservable once goods cross a border. The mass of imported steel can be measured, for instance, but the coal used to reduce the iron ores is not observed. Indirect flows become increasingly important in a globalised world (Wiedmann et al., 2013) .
Raw Material Consumption (RMC) is an indicator which avoids these shortcomings.
It quantifies all materials extracted to produce a country's final demand, including indirect flows. Thus, it measures a country's material footprint. Data on RMC has been compiled at a national (Kovanda and Weinzettel, 2013; Scha↵artzik et al., 2014) , international (Schoer et al., 2012; Muñoz et al., 2009) , and global level Wiebe et al., 2012; Wiedmann et al., 2013 Wiedmann et al., , 2014 .
The advantages of measuring material use as Raw Material Consumption are increasingly recognised by policy makers. The EU Commission identified GDP divided by RMC as a potential metric for resource productivity. In the European Union, o cial data on RMC is compiled by Eurostat (EU Commission, 2014) and, for the UK, by the O ce for National Statistics (2013) .
In this study, I disentangle the drivers of growing global Raw Material Consumption between 1995 and 2008. By conducting a series of Structural Decomposition Analyses (SDAs) at a global level and for 38 major economies, I decompose the change in RMC into a product of five drivers: the growth of final demand, the change in the mix of goods in final demand, the change of countries supplying final demand, the change in the inputoutput structure of the global economy, and the change in material intensity of extractive sectors. At a global level, regional shifts of final demand are considered as well.
Experiences from climate policy indicate the relevance of this study. Peters and Hertwich (2008) , for instance, reveal that more than 5.3 Gt of CO 2 are embodied in international trade and that Annex B countries are net importers of greenhouse gas emissions.
The latter is interpreted as carbon leakage. An improved understanding of the powers that drive RMC helps policy makers to design e↵ective policies for the reduction of material use. Hence, it enables them to anticipate a potential "material leakage".
This study is the first to present a global Structural Decomposition Analysis of Raw Material Consumption. Weinzettel and Kovanda (2011) They find that growing final demand is the most important driver of increased RMC.
Dematerialising consumption patterns had a limited impact. Wiedmann et al. (2013) estimate the drivers of global RMC in 2008. They identify GDP per capita as the most important driver of RMC. A 10 per cent increase in GDP per capita leads to a 6 per cent increase in RMC. 1 By conducting Structural Decomposition Analyses of greenhouse gas emissions using WIOD data, Arto and Dietzenbacher (2014) as well as Xu and Dietzenbacher (2014) present methodologically similar work. Arto and Dietzenbacher (2014) investigate the drivers of global greenhouse gas emissions, while Xu and Dietzenbacher (2014) decompose the emissions embodied in imports and exports.
The Logarithmic Mean Divisia Index (LMDI) method (Ang and Liu, 2001 ) is applied to decompose RMC growth into its drivers. The LMDI is an established method in the field of Index Decomposition Analyses (IDA, see e.g. and gains importance in Structural Decomposition Analyses as well (Su and Ang, 2012) .
Data is taken from the World Input-Output Database (WIOD; Timmer, 2012; Timmer et al., 2015) . It provides a time series of harmonised global multi-regional input-output (GMRIO) tables that di↵erentiate between 34 sectors in 40 countries and a rest of the world (RoW) region (Dietzenbacher et al., 2013) . WIOD contains the GMRIO tables in current and in previous years' prices (Los et al., 2014) 
Methodology

Raw Material Consumption
Let rmc denote the vector of Raw Material Consumption. Each element rmc s records the material extraction implied by final demand in country s. Countries are indexed r, rr, s 2 R, and sectors i, j 2 I.
ex | is the transposed vector of material intensities, the amount of materials that sector i in r extracts per unit of monetary output. L is the Leontief inverse. Its elements L i,r,j,rr record the input of sector i in r used to produce one dollar of output in sector j of country rr. 3 F is the matrix of final demand. Each element F j,rr,s records the value of goods that country s purchases from sector j in country rr due to final demand. Final demand encompasses consumption by households and governments as well as investment and changes in inventories.
rmc can be computed according to equation (1). Note that monetary input-output data is used to derive physical material flows. Equation (1) implicitly assumes unique prices in all sectors. This assumption is likely to be violated in practice (Weisz and Duchin, 2006) , for example due to sectors exerting market power. The lack of physical input-output tables necessitates the use of data in monetary terms.
Reflecting the study's focus on final demand as a driver of RMC, I decompose the matrix F into three parts as follows. The first part is the the level of final demand in country s (f lev s ). The share of sector j in s's final demand (f str j,s ) builds the second part. The third and final part is the share of country s's final demand of good j which is supplied by country rr (f sup j,rr,s ). Appendix A shows that Raw Material Consumption in country s can be computed as:
Equation (2) illustrates that RMC is a sum of all material extractions that country s's final demand implies. Each summand is a product of five factors. f lev s is the level of final demand. f str j,s captures which goods are consumed by country s and f sup j,rr,s records where they are bought from. l i,r,j,rr quantifies the inputs from sector i in r that are needed to produce the goods of sector j in rr. ex i,r is the amount of material extraction associated with the output of sector i in r. (Ang and Liu, 2001 ) is applied to estimate the contribution of each e↵ect to the change in RMC. The LMDI method has a number of favourable properties. It is robust to zero-values and enables to conduct a perfect decomposition, which means that no unexplained residuals remain. Moreover, it is invariant to time-reversals. I use a multiplicative decomposition to simplify the comparison between the individual countries. The five e↵ects are estimated according to equations (4) 
Country-Level Structural Decomposition
denotes the logarithmic mean of a and b:
Equations (4) to (8) use the analytical limits approach to deal with zero-entries (Ang and Liu, 2007; .
Global Structural Decomposition
Extending the Structural Decomposition Analysis from the country level to the global level is straightforward. Let rmc G denote the global Raw Material Consumption. It is computed according to equation (10). 
Data
The following data is required to conduct the Structural Decomposition Analyses: the matrix of intermediate flows Z which is needed to compute the Leontief inverse L , the matrix of final demands F, and the vector of material intensities ex. The latter is derived from dividing each sector's extraction of materials by its output in monetary terms (x).
I use the World Input-Output Tables (WIOT) to does not enter any production processes, such as overburden from mining, is omitted due to limited data quality.
Two extractive industries are distinguished in the WIOD: AtB (Agriculture, hunting, forestry and fishing) and C (Mining and quarrying). The extraction of biomass has been allocated to the agricultural sector while fossil fuel and mineral extraction have been allocated to the mining sector. As is customary in the literature, I reallocate the extraction of construction minerals to the construction sector F . Annex C displays the materials considered in the WIOD and the sectors which are assumed to extract these.
Results
Raw Material Consumption
Before addressing the SDAs' results, I present data on the extraction and the RMC in the sample countries. 
Material Groups
In order to assess the heterogeneity between materials, I conduct individual global SDAs for three material groups: biomass (Figure 2a The only factor that has decelerated the RMC growth is a more e cient use of materials in the construction sector. In 2008, the intensity e↵ect was 0.86. 
Country-Level Structural Decomposition
This subsection explores how global trends can be transferred to the country level. Figure   5 plots the average annual growth rate of RMC against the average annual growth rate of consumption. The dotted lines denote the mean growth rates of the sample countries, the dashed line depicts a linear regression. Figure 5 confirms the correlation between final demand growth and RMC growth. It also suggests a notable heterogeneity between countries. The country-level SDAs disentangle the impact of rising final demand and the e↵ects that are exerted by other factors determining the RMC. As in the global case, changing suppliers of final demand goods have had a small impact on RMC, with a few exceptions (Indonesia, Estonia, Bulgaria, Malta).
The supply side slowed down RMC growth. Both the intensity e↵ect and the Leontief e↵ect are found to be below the value of 1.0 in the majority of nations. However, some heterogeneity occurs. The intensity e↵ect, for instance, ranged from 0.72 in Canada to 1.55 in Portugal.
With a value of 3.2 in 2008, China exhibited the strongest level e↵ect in the sample.
China's total e↵ect of 2. 
Sectoral Aggregation
An important issue is the sectoral aggregation of the WIOD data. I distinguish between three extractive industries and implicitly assume that each dollar of their output contains the same amount of materials. In practice, extractive sectors produce numerous outputs with di↵erent value-to-weight ratios. Materials with high value-to-weight ratios are more likely to be traded internationally. Thus, exports of extractive sectors are expected to be less material intensive than domestic sales. Unfortunately, the WIOD does not allow for a distinction between more extractive industries. Considering intermediate flows among all sectors, the SDAs' results might be sensitive to the sectoral aggregation of non-extractive industries as well.
There is no agreement in the literature about the importance of sectoral aggregation for the results of SDAs. Employing four multi-regional input-output databases, SteenOlsen et al. (2014) find that sectoral aggregation has a notable e↵ect on CO 2 multipliers. Weber (2009) The sensitivity check suggests that the results are robust to further aggregations of non-extractive sectors. A more disaggregated sectoral structure, in particular in the extractive extractive industries, would allow for a more precise allocation of material flows.
Therefore, replicating this study on a more detailed data set is important in order to verify the results.
Empirical studies suggest that international value chains have become increasingly complex and global in recent years (Hummels et al., 2001; Yi, 2003; Koopman et al., 2014) . Future research could investigate how these developments a↵ected the use of materials. Furthermore, the drivers behind changing consumption and investment patterns are not explored. Linking macro-level studies with micro-level research on the behaviour of individuals appears to be another important next step towards understanding the nexus between final demand and the use of materials.
A Decomposition of the Final Demand Matrix
The final demand matrix F is decomposed into three parts as follows: The first part is a matrix recording the share of country s's final demand which is supplied by country r.
Second, there is a matrix representing the share of sector i's goods in country s's final demand. The third part is a vector which contains the levels of final demand.
To ease the presentation, I illustrate the procedure by using the example of a world economy consisting of two countries R = {A, B} and two sectors I = {1, 2}. The extension to N sectors and countries is straightforward. Let us arrange F into a block matrix of dimension I ⇥ R. Each element of this matrix is a vector of length R.
A block matrix F sup with the same dimensions as F is introduced. The vectors in this matrix record the regional structure of supply, i.e. the share of final consumption in country s supplied by country rr. Their elements are f sup j,rr,s = f j,rr,s P r f j,r,s
, and denote the share of final demand for good j that country s purchases from country rr. 
Let us define a matrixF of dimension I ⇥ R. Its entries record the total final demand for good j in country s. 
Equation (15) displays the relationship between F, F sup , andF. denotes the entry-wise or Hadamard product of two matrices. 
The matrixF is further decomposed into the mix of goods and the overall level of final demand. Pre-multiplyingF with the transposed summation vector e | yields the vector of final demand levels f lev , measured in monetary terms. 
